A systematic study ofthe adsorption ofprotein A on colloiclal gold partides varying in size from 5-16 nm was performed at different protein concentrations.
Introduction
Within the last decade, immunocytochemistry has taken extensive advantage of the development of methods using colloidal goldtagged reagents. Among these, protein A, a 42 lcD single polypeptide chain synthesized by Staphylococcus aureus which displays a particular affinity towards the ft domains of most immunoglobulins G, has been widely used. Protein A-gold complexes have been proven to offer excellent resolution, high specificity, and enough reproducibility to allow qualitative as well as quantitative immunolocalization of various antigens (2,3,12). The possibility of tagging protein A with gold particles ofvarious well-controlled sizes has added much more flexibility to the technique, making possible not only convenient labeling at different magnifications but also the simultaneous identification of different antigens in the same specimen.
The mechanism governing the adsorption of proteins on the colloidal particles is not yet known in detail. Only recently have the physicochemical parameters of this process, such as affinity constants and the number of protein molecules adsorbed on each gold to a specific activity of 8670 cpm/pg.
Less than 1% of this radioactivity was found to be soluble in trichloroacetic acid. Five ml of colloidal gold adjusted to pH 6.0 were rapidly mixed with 1.5 ml ofprotein A in concentrations ranging from 35-1000 nM (1.5-42 tg/ml). The stabilized colloid was loaded in a Beckman SW41 tube over three successive layers of 70%
(1.0 ml), 35% (1.5 ml), and 17.5% (1.5 ml)sucrose, and was spun at 30,000 rpm for 90 mm (the 4.9 and 6.1 nm), 75 mm (the 10 nm), and 30 mm (the 13.9 and 15.9 nm particle size 
Stability ofProtein A-Gold Interaction
Stability in Time.
After 48 hr of storage the protein A-gold preparations were subjected to a second centrifugation and the average number ofprotein A molecules bound per gold particle was determined as described. For some ofthe colloids (13.9 nm) the procedure was repeated after 25 days of storage. 
Results

Preparation ofProtein A-Gold Conjugates and
Measurement ofAdsorption Parameters
Gold colloids of the following particle diameters and concentrations were obtained by the previously cited methods: 4.92 ± 0.57 nm (A520 = 1.07); 6.1 ± 0.66 nm (A520 = 1.00); 10. 
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A were required to stabilize Figure  3a ). Apparently the affinity constants for the protein A adsorption were not altered, as estimated by the slope in the Scatchard plot ( Figure 3b ). However, fewer protein A molecules appear to saturate the "high-affinity" binding sites. and then declined ( Figure  5 ). The complexes that yielded the maximum labeling carried 1.94, 2.36, and 8.9 protein molecules per particle. When complexes containing 13.9-and 15.9-nm gold were used, no decrease in labeling intensity was observed at higher loads of protein per particle ( Figure  6 ). Instead, a rather constant signal . ::: .. ,.::'. . .. .
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St : The relationship between the protein A-gold concentration and the intensity ofimmunolabeling was investigated for 6.1-nm, 10.1nm, and 13.9-nm conjugates ofhighest efficiency in their size class, i.e., bearing 2.36, 8.9 and 22.5 molecules per particle, respectively.
For each of these colloids, a linear increase in the labeling intensity with the concentration was recorded, followed by a saturation plateau ( Figure  7 ). The labeling intensity at saturation was approximately two times and four times higher for 10.1-and 6.1-nm colbids, respectively, as compared with the signal given by the 13.9-nm complex. Again, the nonspecific binding amounted to less than 5% of the signal and did not interfere with the measurements.
Discussion
Two categories of information emerged from our study. The first concerns some physicochemical parameters of protein A adsorption on colloidal gold of different sizes; the second category con- Figure 6 . Labeling densities recorded for la9-and 15.9-nm protein A-gold colloids, each carrying various amounts of protein A per gold particle. (Figure 8b ). The other model suggests that at higher concentrations the protein adopts a different posture in relation to the particle surface ( Figure  8c) 
